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Abstract 
In this paper, a modified hot air dryer by using leaf stove (MHAD_LS) was proposed for banana drying. The 
objectives of this research were to evaluate the efficiency of the leaf stove and the performance of MHAD_LS. The 
MHAD_LS system consisted of a drying chamber, heat exchanger in dryer, leaf stove and control system for using 
the speed adjustment on leaf feed motor and air feed motor to serve the thermal load. There were two experiments in 
this work. The first experiment was used to test the efficiency of the stove. It was found that the system efficiency 
was 18.68%. And the second experiment was used to find the performance of MHAD_LS which was performed in a 
partial-loop dryer at a drying air temperature and air velocity of 60 oC and 0.65 ms-1 respectively. The recycle air 
ratio was 90%. It was found that the product capacity of 30 kg with the initial moisture at 250.10 %dry basis and the 
resulting final moisture at 63 %dry basis used time 22 hours. The leaf amount of Indian almond for using in the 
experiment was 44.96 kg, the total electric power consumption was 3.64 kWh and an average drying rate was 0.73 
kgwater h-1. 
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1. Introduction 
Hot air from electric heater or heat exchanger of heat pump dryer [1] is typically used to reduce 
moisture in banana by transferring heat to the particular banana and venting the moisture of banana to the 
outside. From using the electric heater to produce hot air, it was found that electricity bill was high. To 
reduce cost, therefore, renewable energy was a choice. Leaves were the one type of renewable energy. 
They could be found everywhere and could be used to fuel to produce hot air instead of electric heater. In 
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this research, consequently, modified hot air dryer by using leaf stove was applied to banana drying and 
evaluated the performance. 
 
Nomenclature 
 
A heat transfer area, m2 
C  specific heat, kJkg-1-K-1 
HHV heating value, MJkg-1 
hfg latent heat, kJ/kg 
K thermal conductivity, Wm-1K-1 
M moisture content, %dry basis 
m mass or mass rate, kg or kgh-1 
mp mass of product, kg 
'P different pressure, Nm-2 
Q  heat rate, kW 
T temperature, oC or K 
t drying time, h 
V volume, m3 
W humidity ratio, kgwater vaporkgdry air-1 
η efficiency 
ρ density, kgm-3 
2. Materials and Methods 
2.1. Mathematical model of the drying system 
For considering the drying system, it is separated into five parts by control volume (CV). Figure 1 
shows a schematic of the drying system. The system consists of a drying chamber (CV.1), an exit air 
control valve (CV.2), inlet air valve (CV.3), blower (CV.4) and heat exchanger (CV.5). The mathematic 
model of drying system consists of a drying chamber model, an exit air model, a mixer air model, a 
blower model and a heat exchanger model. Each component of the mathematical models is based on the 
principles of mass and energy balances. The assumption of drying system is adiabatic. 
In the drying chamber model, the moisture of banana was calculated by modify an empirical drying 
kinetic equation from [2] for banana by 0599.0 k  and the equilibrium of Meq = 0. 
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Fig. 1. Diagram of a modified hot air in dryer. 
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The air temperature equation which out from the blower: 
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The exchanger equation: 
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2.2. Design of modified leaf stove for banana dryer 
The leaf stove consisted of leaf bucket, blower of leaf stove, burner chamber, ash tray, leaf feed set and 
heat exchanger of leaf stove. The leaf stove could control the burner by temperature controller from the 
drying chamber. The part of dryer consisted of blower, heat exchanger of 3.59 kW, drying chamber, exit 
air valve, inlet air valve and water pump. 
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Fig. 2. The modified leaf stove for banana dryer. 
2.3. Equation of efficiency for leaf stove 
For the efficiency of leaf stove, it was based on the principles of mass and energy balances. The 
equilibrium of heat ratio in drying system consisted of heat ratio of leaf, heat ratio of heat exchanger at 
leaf stove, heat ratio of exhaust gas, heat ratio of heat exchanger at dryer, heat ratio of heat loss at lower 
wall area of the leaf stove and heat ratio of heat loss at upper wall area of the leaf stove. 
 
 
 
Fig. 3. Equilibrium of heat ratio in drying system. 
 
The heat ratio of leaf equation: 
HHVmQ leafleaf               (7) 
The heat ratio of heat exchanger at leaf stove equation: 
tTTCVQ inwoutwwpwwwaterhot /)( _1_11_11  U          (8) 
The heat ratio of exhaust gas equation: 
)( ___ inexoutexexpexgasexhaust TTCmQ             (9) 
The heat ratio of heat exchanger at dryer equation: 
)( _2_22_2 inwoutwwpwused TTCmQ           (10) 
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The heat ratio of heat loss at lower wall area of the leaf stove equation: 
1
111
1 x
TAKQloss
'             (11) 
The heat ratio of heat loss at upper wall area of the leaf stove equation: 
2
222
2 x
TAKQloss
'                          (12) 
The energy balances equation: 
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The efficiency of leaf stove equation: 
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The efficiency of drying system: 
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2.4. Design of experiment 
In experimental design, the experiment was separated into two parts the first experiment for testing the 
efficiency of the stove and the second one for finding the performance of MHAD_LS. For the first 
experiment, the stove was tested by feeding maximum leaf amount of Indian almond and air. After the 
system was steady state, the data that will be used for analysis the efficiency of the stove were collected. 
The second experiment used 30 kg of bananas for testing. The conditions that were set in this experiment 
consist of drying temperature, drying velocity and circulated air at 60 oC [3], 0.65 ms-1 and 90% [4] 
respectively.  
3. Results and Discussion  
3.1. Efficiency of leaf stove and dryer system 
Figure 4 shows a comparison of all heat rates. It was found that the leaf stove efficiency of 64.4% and 
the drying system efficiency of 18.68%. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Result of heat ratio equilibrium in drying system. 
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3.2. Drying performance of MHAD_LS for banana drying 
Simulated values were in good agreement with experimental value. The duration of drying banana 
from initial moisture content of 250.10 %dry basis to the final moisture of 63 %dry basis was 
approximately 22 hours (Figure 5).Figure 6 shows that the experiment of drying temperature and heat rate 
of heat exchanger were not steady because the leaf feed motor and air feed motor for the leaf stove were 
control by inverter of max- min type controlling mode. For the experimental condition tested in table 1, 
the MHAD_LS of banana showed the small total electric power consumption of drying system, the leaf 
amount of Indian almond for used and an average drying rate. 
Table 1. Experimental results of MHAD_LS for banana drying. 
Description Data Units 
Initial weight of product 30 kg 
Final weight of product 13.93  kg 
Min 250.10 %dry basis 
Mf 63 %dry basis 
Drying time 22 h 
An average drying rate 0.73 kgwater h-1 
Total electric power consumption of water pump 0.39 kWh 
Total electric power consumption of leaf feed motor 0.91 kWh 
Total electric power consumption of leaf stove blower 0.88 kWh 
Total electric power consumption of blower of drying  system 1.46 kWh 
Total electric power consumption drying  system 3.64 kWh 
The leaf amount of Indian almond for used 44.96 kg 
 
 
 
 
 
 
 
 
 
Fig. 5. Moisture content evolution of drying banana. 
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Fig. 6. Evolution of simulated and experimental heat rate of heat exchanger. 
 
4. Conclusion 
This paper proposed the MHAD_LS for banana drying with the objectives of evaluate the efficiency of 
the leaf stove and the performance of MHAD_LS. There were two experiments in this work. The first 
experiment found that the system efficiency was 18.68%. And the second experiment showed that the 
performance MHAD_LS with the product capacity of 30 kg, the initial moisture at 250.10 %dry basis and 
the resulting final moisture at 63 %dry basis used 22 hours for drying time. The leaf amount of Indian 
almond for using in the experiment was 44.96 kg, the total electric power consumption was 3.64 kWh and 
an average drying rate was 0.73 kgwater h-1. 
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